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Resumen / Exploramos la posibilidad de detectar las primeras galaxias con un telescopio gene´rico en el infrarrojo
lejano y bandas submilime´tricas aplicando un modelo anal´ıtico para la emisio´n de polvo primordial. Como se
muestra en trabajos previos, las galaxias a corrimientos al rojo z > 7 experimentan una correccio´n K negativa
fuerte de forma tal que sistemas de masas similares son ma´s brillantes a mayores z. Ma´s au´n, a una dada masa y
z, nuestro modelo predice que los flujos luminosos crecen proporcionalmente a los cocientes polvo-metal (D/M)
de las fuentes primigenias. Evaluamos la observabilidad de las fuentes del modelo a diferentes z > 7 como funcio´n
del a´rea de sondeo observada (∆Ω) y la sensibilidad (S) de un instrumento gene´rico. Asumiendo ∆Ω ∼ 10 deg2 y
una plausible S ∼ 1 µJy para un relevamiento en el futuro cercano, podr´ıamos asegurar la deteccio´n de al menos
una fuente t´ıpica con D/M ∼ 5× 10−3 a z > 7. Para S & 1 µJy y ∆Ω . 10 deg2, valores de D/M mayores que
los t´ıpicos son requeridos para detectar al menos una fuente individual a z > 7. La observabilidad de las galaxias
del modelo es tambie´n afectada por la distribucio´n de taman˜o de los granos de polvo, especialmente a altos z.
Abstract / We explore the possibility of detecting first galaxies with a generic far-infrared/sub-millimeter
telescope by applying an analytical model of primordial dust emission. As shown in previous works, galaxies at
redshifts z > 7 experience a strong negative K-correction in such a way that systems of similar masses are brighter
at higher z. In addition, at a given mass and z, our model predicts that luminosity fluxes increase proportionally to
the dust-to-metal ratios (D/M) of primeval sources. We evaluate the observability of model sources at different
z > 7 as a function of the observed survey area (∆Ω) and sensitivity (S) of a generic instrument. Assuming
∆Ω ∼ 10 deg2 and a plausible S ∼ 1 µJy for a near future survey, we could assure the detection of at least one
typical source with D/M ∼ 5× 10−3 at z > 7. For S & 1 µJy and ∆Ω . 10 deg2, higher than typical D/M are
required to detect at least one individual source at z > 7. The observability of model galaxies is also affected by
the size distribution of dust grains, specially towards higher z.
Keywords / galaxies: high-redshift — galaxies: evolution — galaxies: formation — galaxies: star formation —
cosmology: theory
1. Introduction
With the advent of next-generation observational facil-
ities operating at different wavelengths (e.g, the James
Webb Space Telescope (JWST), the Square Kilometre
Array (SKA) or the planned Origins Space Telescope,
among others), the exploration of the early Universe is
entering a golden age. In this context, first stars and
galaxies constitute unique tools to test galaxy forma-
tion models (e.g. Bromm & Larson, 2004; Bromm et al.,
2009; Bromm & Yoshida, 2011; Dayal & Ferrara, 2018).
Thus, it is crucial to develop theoretical models that can
make predictions regarding the nature and properties of
primeval luminous sources in order to guide future sur-
veys.
Given that typical dwarf galaxies at z > 7 are ex-
pected to have very low dust densities and, thus, low
FIR fluxes, De Rossi & Bromm (2017) showed that their
detection will be very challenging with current observa-
tories. However, primeval galaxies at z & 7 are promis-
ing targets for upcoming observational facilities. As dis-
cussed in De Rossi & Bromm (2019), future space-borne
FIR telescopes could play a crucial role on the explo-
ration of the nature and properties of the first dust-
emitting galaxies at the very dawn of star formation.
In this manuscript, we extend the work by De Rossi &
Bromm (2019) by analysing in more detail the depen-
dence of FIR fluxes on the dust-to-metal ratios (D/M)
of first galaxies. We also explore in more detail the ob-
servability of model sources at z > 7 as a function of the
observed sky area (∆Ω) and sensitivity (S) of a generic
FIR telescope.
2. Dust model
Dust emission was estimated using the methodology de-
scribed in De Rossi & Bromm (2017) and De Rossi &
Bromm (2019), which has proven to be useful for study-
ing high-z galaxies (De Rossi et al., 2018). We referred
the reader to those papers for a detail description of the
dust model; here, we only present a brief summary of it.
A model galaxy consists of a dark matter halo host-
ing a central cluster of Pop II stars, surrounded by a
Oral contribution 1
ar
X
iv
:2
00
1.
02
72
0v
1 
 [a
str
o-
ph
.G
A]
  8
 Ja
n 2
02
0
First galaxies at FIR/sub-mm wavelengths
Figure 1: Impact of variations of the dust-to-metal ratio (D/M) on the FFIR −Mvir relation for the standard (left panel)
and shock (right panel) grain size distributions at z = 7 (thin lines) and z = 20 (thick lines). For comparison, top axes
show stellar mass. As a reference, horizontal lines indicate some characteristic sensitivity values discussed in De Rossi &
Bromm (2019).
mixed phase of gas and dust. Our standard model as-
sumes a dust-to-metal mass ratio D/M = 5 × 10−3, a
gas metallicity of Zg = 5×10−3 Z and a star formation
efficiency of η = 0.01, which are typical values expected
for first galaxies (Greif & Bromm 2006; Mitchell-Wynne
et al. 2015; Schneider et al. 2016; see De Rossi & Bromm
2017, 2019 for more details regarding model parameters
and the effects of their variations). The spectral energy
distribution associated to stars was obtained from YG-
GDRASIL model grids (Zackrisson et al., 2011). We
considered different silicon-based dust models given in
(Cherchneff & Dwek, 2010). However, for the sake of
clarity, we only present results corresponding to the so-
called UM-ND-20 model (see De Rossi & Bromm 2017,
for details). We have checked that other chemical com-
positions of dust lead to similar general trends. For the
grain-size distribution, we adopted the ‘standard’ and
‘shock’ prescriptions used in Ji et al. (2014). Dust tem-
perature (Td) was determined assuming thermal equi-
librium and dust emissivity was estimated by applying
the Kirchhoff’s law for the estimated Td profile.
By comparing plausible sensitivities of a generic in-
strument with the average observed fluxes (FFIR) of
model galaxies at a reference FIR wavelength band
(∆λ = 250 − 750 µm), we determined the lowest virial
mass (Mvir) that a galaxy should have to be detected at
a given z. By combining our dust model for individual
sources with the Sheth-Tormen mass function (Sheth
et al., 2001), we estimated the projected number of de-
tected sources that are located at redshift higher than
z, within a given solid angle ∆Ω (for a detail description
of this methodology, see De Rossi & Bromm 2019).
3. Results
Fig. 1 shows the FFIR −Mvir relation as a function of
D/M at z = 7 (thin lines) and 20 (thick lines). Results
for the standard (left panel) and shock (right panel)
grain size distributions are shown. We note that, for a
given dust model, higher FIR fluxes are obtained for
galaxies located at higher z. This is a consequence
of the strong negative K-correction affecting primeval
dust-emitting source at z & 7 (see De Rossi & Bromm
2019, for a discussion). In addition, at a given mass,
FIR fluxes increase almost proportionally to the increase
of D/M , with higher fluxes obtained for the shock size
distribution. Considering that next-generation FIR tele-
scopes could reach a lowest sensitivity of ∼ 1 µJy, we see
that a minimum mass of Mvir ∼ 1012 M would be re-
quired to detect systems with typical D/M = 5× 10−3
(reference case). For a higher D/M = 0.4 (0.06), the
minimum mass limit would be Mvir ∼ 1010−11 M
(∼ 1010−11 M), with the exact value depending on z
and the grain size distribution. Such values of Mvir cor-
respond to very rare massive galaxies at z & 7, which
might be difficult to be find during blind surveys (De
Rossi & Bromm, 2019).
In Fig. 2, we analyse the observability of primeval
galaxies in the ∆Ω-S plane. In the left panel, we show
the curves above (below) which the probability for de-
tecting one individual source at z > 7 is P (z > 7) = 1
(< 1), considering different D/M and grain size distri-
butions. We can see that, at a given ∆Ω, the minimum
sensitivity required to assure at least one individual de-
tection increases almost proportionally to D/M . For
∆Ω = 0.1− 10 deg2 and assuming D/M = 5× 10−3, a
sensitivity S . 0.1− 1 µJy would be required to assure
one detection at z > 7. For ∆Ω = 0.1 − 10 deg2 and
assuming a higher D/M = 0.06 (0.4), the required sen-
sitivity would be S . 1 − 10 µJy (S . 10 − 100 µJy).
In the case of a sensitivity S ≈ 1 µJy (which could
be a plausible value for a next-generation FIR tele-
scope) and D/M = 5 × 10−3, 0.06 and 0.4, surveys
areas ∆Ω & 1 − 10 deg2, & 10−3 − 10−2 deg2 and
& 10−4 − 10−3 deg2 would be required to assure the
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Figure 2: Constraints on the observability of FIR sources in the ∆Ω-sensitivity plane. Left panel: ∆Ω-sensitivity curves
above (below) which the probability of detecting one individual source at z > 7 is P (z > 7) = 1 (< 1). Results are shown for
different dust-to-metal ratios (D/M) considering the standard (thin lines) and shock (thick lines) size distributions. Middle
and right panels: analysis of observability of sources at redshifts higher than z for D/M = 5 × 10−3 (reference model),
considering the standard and shock size distributions, respectively. Results are shown for z = 7−19, with successive curves
corresponding to variations of ∆z=1 (i.e. z = 7, 8, 9..., etc).
detection of at least one individual source at z > 7.
In the middle and right panels of Fig. 2, we analyse
the observability of sources located at redshifts higher
than a given z, for the standard and shock size distribu-
tions, respectively. A reference value D/M = 5 × 10−3
has been adopted for these panels. For the standard
size distribution, lower sensitivities and larger surveys
areas are required for detecting sources at all analysed
z, with such constraints being stronger towards higher
z. Considering a ∆Ω . 10 deg2 and a standard (shock)
size distribution, S . 1, 0.1 and 0.01 µJy are required
to detect at least one source at z > 7, 10 and 14 (z > 7,
13 and 18).
4. Conclusions
We explored the prospects of detecting the dust con-
tinuum emission from first galaxy populations with a
generic FIR telescope. We analyse the FIR observed
fluxes of these systems as a function of mass and red-
shift, considering also different dust-to-metal ratios and
grain size distributions. According to our model, FIR
radiation from first galaxies significantly depends on
their dust content and dust properties. Assuming a sen-
sitivity of S ≈ 1 µJy for a next-generation telescope, we
obtained that only rare massive systems could be de-
tected at z > 7.
Combining our dust model for FIR emission of in-
dividual galaxies with the Sheth-Tormen mass func-
tion, we evaluated the observability of our galaxy pop-
ulation in the ∆Ω − S plane. Assuming a sensitiv-
ity of S ≈ 1 µJy and a typical D/M = 5 × 10−3, a
∆Ω & 10 deg2 would be required to detect at least one
individual source at z & 7. However, in the case of
higher D/M , smaller survey areas are required.
Our results suggest that future FIR surveys could
play a fundamental role on constraining the amount of
dust in primeval galaxies at z > 7.
More information and results about this work are
available in De Rossi & Bromm (2019).
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